Introduction
Keratinocyte carcinoma (KC) is the most common malignancy in the United States and is associated with significant morbidity and health care expenditures [1] [2] [3] . Despite increased awareness of the harmful effects of ultraviolet light exposure, the incidence of KCs has increased by 3-8% annually [3, 4] . In order to reduce disease associated morbidity and mortality, it is imperative that patients are appropriately educated on skin cancer's early detection methods, modifiable risk factors, and treatment options.
It is estimated that 50-80% of Americans use the internet to seek out health care information, and many report that they do so frequently [5, 6] . Online health information is inexpensive and enables patients to make health care decisions [7, 8] . Given that the majority of Americans use the internet to obtain health care information [5, 6] , it is critical that online information is accurate and understandable to laypersons. Yet, patient education materials are often written in a manner too complex for the average patient to understand [9, 10] .
The average American adult reads between a seventh and eighth grade reading level and above this level is considered difficult to read [11, 12] . One study [11] looked at patient educational material for five health-related causes of death and found that 75% of the online information was above a ninth-grade reading level. This suggests that the patient education material online may be too difficult for the average American to read and understand. The American Medical Association (AMA) and National Institutes of Health (NIH) recommend that patient education reading material be at a sixth-grade reading level or below [13] . Grade reading level can be assessed using readability tests. Eight commonly utilized tests and the different variables they assess are outlined in Table 1 [ [14] [15] [16] [17] [18] [19] [20] [21] .
Given the increasing incidence of KC, it is essential that the readability of online patient education material is appropriate. Furthermore, factors such as mobile-friendliness, translatability, and commercial advertising have not been analyzed when evaluating online skin cancer-related patient education material. The primary aim of this study is to assess the readability of the most commonly used online patient education resources for KC. The secondary aim is to evaluate the number of images, mobile friendliness, translatability, and advertising found on online KC patient education resources.
Methods
The study was approved by the Institutional Review Board of Mayo Clinic. The online patient education materials for KC were collected by performing an internet search on Google (www.google.com). Location services were disabled and user data was erased prior to beginning the search. A search of the terms 'basal cell carcinoma (BCC)' and 'squamous cell carcinoma (SCC) of the skin' were conducted on March 19, 2017. The Google search compiled the top ten websites for each of the above searches. Sponsored sites were excluded to eliminate bias.
Within each website, a variety of topics including detection, treatment and management were found. An article was defined as relevant material that was accessible within one click from the homepage. The number of images on each webpage for each website was recorded. Advertisements on each webpage were counted and categorized as pharmaceutical advertisements, cosmetic advertisements and "other". Mobile friendliness was assessed by through the Nibbler tool (http://nibbler.silktide.com). If a Nibbler score is above 7 out of 10, the website can be accessed and viewed on a mobile device and is considered mobile-friendly. Translatability was determined by whether the website had an option to translate pages using Google translate or other translation services.
Readability analysis was performed using Readability Studio Professional Edition v2012.0 (Oleander Software Ltd, Vandalia, OH). Of the 15 default readability tests proposed by the software, we excluded redundant tests and tests that assessed similar variables. Eight well-established tests fit our inclusion criteria and were used to evaluate the readability of the online articles: Bormuth Cloze Mean, Coleman-Liau Index, Flesch-Kincaid Grade Level, Gunning Fog Index, New Dale-Chall, New Fog Count, Raygor Estimate, and SMOG. Each of these eight tests assesses different qualities of readability, providing a comprehensive analysis.
Statistical analysis
Each website with more than one webpage was analyzed using a one-sided one sample t-test. A p-value < 0.05 was deemed statistically significant. The one-sided one sample t-test was used to determine if the Bormuth Cloze mean score is significantly lower than 60%. The one-sided one sample t-test for the remaining readability tests were used to determine if the scores were significantly greater than 6, the recommended reading grade level for health information. The Kruskal-Wallis test was used to determine if the readability test scores for a given test differ between the different websites.
Results

Basal cell carcinoma
The ten most popular websites for BCC included a total of 77 articles. The mean grade reading level for all 77 articles was 12.01, which is above the reading level for the average US adult. The eight readability test results are summarized in Table 2 . None of the websites achieved a Bormuth Cloze score at or above 60%, indicating the text on all the websites was too difficult to read. The seven readability tests that assess grade-reading level had mean scores that ranged from 9.4 to 13.3. Additionally, every website had a SMOG score greater than 9 and Coleman-Liau and Gunning Fog score greater than 8.
Five of the ten websites had more than one webpage, allowing for statistical analysis. Overall, all five websites were unable to meet our readability criteria across all eight tests, with the exception of the American Academy of Dermatology website using the New Fog Count test.
As shown in Table 3 , the total number of images per webpage ranged from 0 to 19. Seventy percent of websites had fewer than two images per webpage. The total number of advertisements per webpage ranged from 0 to 5, with an average of 1.7 advertisements per page. Fifty percent of websites had 2 or more advertisements per webpage. Of the ten websites, only skincancer.org was not mobile-friendly. Three of the ten websites did not offer an option to translate text into another language.
Squamous cell carcinoma
The ten most popular websites for SCC included a total of 66 articles. The mean reading-grade level for all 66 articles was 12.38, which is well above the reading level for the average US adult. The eight readability test results are summarized in Table 4 . All of the websites had a Bormuth Cloze mean at or under 40, indicating the text is difficult to read. The readability tests that assess grade-reading level had a range from 10.1 to 13.6. All the websites had Coleman-Liau and Gunning Fog reading 
Bormuth Cloze Mean
Removes selected words from sample and asks readers to fill in missing words. Score of 60% or better indicates text is at independent reading level. Sentence complexity
Coleman-Liau
Used to gauge readability of text. Designed to be easily calculated mechanically from samples of hard-copy text and outs US grade reading level.
Word length, Sentence length
Flesch-Kincaid
Predicts a grade level necessary to understand text using word length and sentence length. Commonly used in the field of education Word length, Sentence length
Flesch Reading Ease
Calculates ease of reading text with scores from 1 to 100. The higher the score, the easier the text is to read. Score of 60 to 70 is considered plain English.
Syllables per word, Sentence length
Gunning Fog
Employs sentence length and the proportion of polysyllabic words to determine US grade level.
Sentence length, Proportion of polysyllabic words
New Dale-Chall
Calculates US grade level based on sentence length and "hard" words, which are words that do not appear on a specially designed list of common words familiar to most 4th-grade students.
Sentence length, "Hard" words
New Fog Count
Measures reading ease and calculates US grade level based on easy words of one or two syllables once and hard words of three or more syllables three times
Sentence length, Words with greater than 3 syllables
Raygor Estimate
Calculates the U.S. grade level by counting the average number of sentences and letters per 100 words and plotting them on a graph. Pvalue1 is from one sided one sample t-test to test if the Bormuth Cloze Mean score is significantly different than 60 (cut-off score for easy read level; alternative hypothesis is that the score is lower than 60) for each web source. Pvalue2 is from one sided one sample t-test to test if the scores is significantly different than 6 (cut-off grade for easy read level; alternative hypothesis is that the score is higher than 6) for each web source. Pvalue1 is from one sided one sample t-test to test if the Bormuth Cloze Mean score is significantly different than 60 (cut-off score for easy read level; alternative hypothesis is that the score is lower than 60) for each web source. Pvalue2 is from one sided one sample t-test to test if the scores are significantly different than 6 (cut-off grade for easy read level; alternative hypothesis is that the score is higher than 6) for each web source. Kruskal-Wallis test was used to test if the scores significantly differ among the different web sources and the p-values for each score is summarized in Pvalue3. When there is only one page describing BCC in the web source, only the scores were displayed in Table 2 . Standard deviation and one sample t-test cannot be computed in these cases. Table 5 , the total number of images per webpage ranged from 0 to 11 with an average of 2.5 images per webpage. Only 20% of websites had two or more images per webpage. The total number of advertisements per webpage ranged from 0 to 4, with webmd.com having the highest number. Three websites had two or more advertisements per page. Of the ten websites, only skincancer.org was not mobile-friendly. Four of the ten websites did not offer an option to translate text into another language.
Discussion and Conclusion
In this study, the average reading level for the ten most popular BCC and SCC websites was above the twelfth grade. This is significantly higher than the sixth-grade reading level recommended by the NIH and AMA. Additionally, nearly half of the websites did not provide translation services for another language. As one in five US residents speak a language other than English at home [22] , it is important to include translation options so these individuals have equal access to health information. This discrepancy could result in a lower level of medical comprehension in non-English speaking patients, and thus, an imbalanced access to health care related information.
For BCC, we found that 70% of websites had fewer than two images per webpage. For SCC, 80% of websites had fewer than two images per webpage. Images that are linked closely with text increase attention and recall of health information when compared to text alone [23] . Additionally, patients with low literacy skills are more likely to comprehend health care information if provided with both text and images [23] . Using images in patient education material can improve health outcomes for patients with limited health literacy.
Finally, advertisements on health education webpages are often distracting and can detract from patient education. During the BCC website search, 50% of websites had two or more advertisements per webpage. For SCC, 30% of sites had two or more advertisements per webpage. The presence of advertisements online can result in an increase in cognitive workload, which leads users to experience the ads as intrusive and distracting [24] . Advertisements located close to the main body of text lead to increased disruption of reading and attention [25] . Furthermore, patients may mistrust websites with advertisements [26] . These findings suggest that advertisements on a health education webpage should be sparingly used and placed away from the main body of text.
This study demonstrates that KC online patient education material is too difficult and above the AMA and NIH recommended sixth-grade reading level. Additionally, features such as images, translatability, and mobile-friendliness can be improved upon to increase reading comprehension among laypersons.
To provide guidance for future patient education website design, we provide the 7 best practices for designers and educators as summarized in Table 6 . The best practices for making a patient education website on KC include writing the text at the AMA and NIH recommended sixth grade level. In addition, the readability of the text should be analyzed using readability software to confirm that the text is at the target level. We feel that the Bormuth Cloze Mean and SMOG tests are best suited as tools to analyze readability of online health care information. This is evidenced in our study, as both tests were consistent in their scoring of different websites. Additionally, the
